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ABSTRACT

Introduction: Adipocyte volume (fat accumulation) in different parts of the body may play different roles
in the metabolism and in the appearance of cardiovascular risk factors. Most studies indicate that the regional
distribution of body fat seems to be more important than excess adiposity per se. High levels of physical activity
are associated with lower total and visceral body fat levels. Military physical training is of paramount impor-
tance for the health and performance of soldiers in the Brazilian Army. In this context, physical evaluation will
provide data on the main physical benefits involved in military tasks. Objective: Verify the relationship between
visceral fat (VF), physical performance and biochemical markers of soldiers in the Brazilian Army. Methods: The
sample consisted of 41 (38.9 + 2.2 years) Brazilian male military personnel. VF was obtained with a Dual Energy
X-Ray Absorptiometry densitometry device. The biochemical analysis included fasting glycemia, triglycerides
(TG) and HDL-C levels. Physical performance was evaluated through two tests (12-min run and pull-ups). The
Shapiro-Wilk test confirmed the normality of the variables. Pearson’s correlation test was then applied, with a
p-value of <0.05. Results: Significant negative correlations of VF were found with the results of both physical tests
(Pull-ups r=-0.59; 12-minr=-0.61). The only biochemical variable that had a significant positive correlation with
VF was TG (r = 0.44). Conclusion: The results of this study showed a significant negative association between
VF and physical tests. A significant positive association between VF and TG was also found. Level of Evidence I;
Diagnostic studies - Investigation of a diagnostic test.

Keywords: Intra-abdominal fat; Metabolic diseases; Physical fitness.

RESUMO

Introducao: O acimulo de adipécitos em diferentes regides do corpo pode desempenhar diferentes papéis no
metabolismo e no aparecimento de fatores de risco cardiovascular. A maioria dos estudos aponta que a distribuicdo
regional da gordura corporal parece ser mais importante do que o excesso de adiposidade per se. Altos niveis de ativi-
dade fisica estdo associados a niveis mais baixos de gordura corporal total e visceral. O treinamento fisico militar é de
fundamental importancia para a saude e desempenho dos militares do Exército Brasileiro, neste sentido a avaliacdo
fisica fornecerd dados referentes aos principais beneficios fisicos envolvidos nas tarefas militares. Objetivo: Verificar
arelagdo entre a gordura visceral (GV), o desempenho fisico e os marcadores bioquimicos de militares do Exército
Brasileiro. Método: A amostra foi composta por 41(38,9+ 2,2 anos) militares brasileiros, do sexo masculino. A GV foi
obtida através de um aparelho de densitometria “Dual Energy X-Ray Absorptiometry’. A andlise bioquimica incluiu as
dosagens em jejum da glicemia, de triglicerideos (TG) e HDL-C. O desempenho fisico foi avaliado por meio de dois testes
(corrida de 12 min e flexdo de bracos na barra fixa). O teste de Shapiro-Wilk confirmou a normalidade das varidveis.
Na sequéncia foi aplicado o teste de correlagéo de Pearson, com valor de p < 0,05. Resultados: Foram encontradas
correlagbes negativas e significativas da GV, com o resultado dos dois testes fisicos (Barra r = - 0,59; Teste de 12 min
r=-0,61). A Unica varidvel bioquimica que apresentou correlacéo positiva significativa com a GV foi TG (r = 0,44).
Conclusdo: Os resultados do presente estudo mostraram haver associa¢do negativa significativa entre a GV e os
testes fisicos. Além disso, encontrou-se uma associagdo positiva significativa entre a GV e os TG. Nivel de Evidéncia I;
Estudos diagnésticos-Investigacdo de um exame para diagndstico.

Descritores: Gordura intra-abdominal; Doen¢as metabdlicas; Aptiddo fisica.

RESUMEN

Introduccidn: La acumulacion de adipocitos en diferentes regiones del cuerpo puede desempenar papeles dife-
rentes en el metabolismo y la aparicién de factores de riesgo cardiovascular. La mayoria de los estudios indica que la
distribucion regional de la grasa corporal parece ser mds importante que el exceso de adiposidad per se. Altos niveles
de actividad fisica estdn asociados a niveles mds bajos de grasa corporal total y visceral. El entrenamiento fisico militar
es de fundamental importancia para la salud y el desemperio de los militares del Ejército Brasilefio, en este sentido la
evaluacidn fisica proporcionard datos referentes a los principales beneficios fisicos involucrados en las tareas militares.
Objetivo: Verificar la relacion entre la grasa visceral (GV), el desempeno fisico y los marcadores bioquimicos de militares
del Ejército Brasileo. Método: La muestra fue compuesta por 41 (38,9 + 2,2 afios) militares brasilefios, del sexo masculino.
La GV fue obtenida a través de un aparato de densitometria “Dual Energy X-Ray Absorptiometry’ El andlisis bioquimico
incluyd las dosificaciones en ayuno de glucemia, de triglicéridos (TG) y del HDL-C. El desemperio fisico fue evaluado
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por medio de dos tests (carrera de 12 minutos y flexion de brazos en la barra fija). El test de Shapiro-Wilk confirmé
la normalidad de las variables. A continuacion, fue aplicado el test de correlacién de Pearson con valor de p <0,05.
Resultados: Se encontraron correlaciones negativas y significativas de la GV, con el resultado de los dos tests fisicos
(Barrar=-0,59; 12 min r=-0,61). La Gnica variable bioquimica que presenté una correlacion positiva significativa
conlaGVfue TG (r=0,44). Conclusidn: Los resultados del presente estudio mostraron que hay una asociacion negativa
significativa entre la GV y los tests fisicos. Ademds, se encontrd una asociacion positiva significativa entre GV y los TG.
Nivel de evidencia I; Estudios diagndsticos-Investigacion de un examen para diagnéstico.

Descriptores: Grasa intraabdominal; Enfermedades metabdlicas; Aptitud fisica.
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INTRODUCTION

Obesity can be defined as abnormal or excessive body fat accumu-
lation resulting from the chronic imbalance between food intake and
energy expenditure, which poses serious health risks.'

According to the World Health Organization (WHO), obesity is one of
the top global health issues, with increasing prevalence in recent decades
in various populations.? In 2014 approximately 640 million adults were
obese.?In 2013 alone, around 4.5 million people died worldwide due to
obesity.2 A recent survey by the Ministry of Health indicated that 55% of
Brazilian adults are overweight and about 20% are obese?

Studies conducted with Brazilian military personnel revealed data
similar to the survey conducted by the Ministry of Health. In 2004, in a
study involving about 3800 members of the Brazilian Army (BA), 65%
were found to be overweight and 15% obese.* Another more recent
study, conducted in 2009, obtained similar data.®

The way adipose tissue is distributed in the body is directly related
to the onset of chronic degenerative diseases. Visceral fat (VF) accu-
mulation is the most relevant etiological factor for the development
of such diseases®

Excessive intraabdominal adipose tissue accumulation is part of
a phenotype including subcutaneous adipose tissue expansion and
storage of ectopic triglycerides closely related to grouped cardiome-
tabolic risk factors.

Several studies suggest that adipose tissue stored in various parts
of the body affects metabolic health differently.® Thus, the literature
presents an adverse risk of metabolic disorder with visceral adiposity.’

Excess visceral adipose tissue is a well-established risk factor for
cardiovascular disease, and small differences in its area/volume may
significantly alter the risk profile.”

Waist circumference measurement is a simple and practical method
for assessing VF, which is associated with increased glycemia (GLYC)
and triglycerides (TG) and with decreased high-density lipoprotein
cholesterol (HDL-C) levels.'!

Physical activity plays a preponderant role in the prevalence of
obesity.'? Studies show that it is able to improve body composition,
favoring fat loss and increasing or maintaining lean tissue mass.'#'3Thus,
individuals with high levels of physical activity usually have lower levels
of total body fat and VE."* Regular physical activity also improves glucose
tolerance while reducing serum TG and HDL-C levels.'

Body fat accumulation is directly related to low levels of physical
fitness.!”> There is a decrease in aerobic capacity with increasing relative
fat. Muscle strength is also affected by body composition; individuals with
higher fat percentiles have lower levels of muscle strength.'? As regards
military personnel, obese and physically unfit individuals are a risk not only
to themselves, but also to their fellow soldiers in a combat environment

In the Brazilian Army (BA) physical activity is regulated by the EB-
20-MC-10.350 - Military Physical Training manual.'* This manual lists the
various types of physical activity that make up Military Physical Training
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(MPT), which targets the development, maintenance and recovery of
physical fitness and health levels necessary for combat, and for the
performance of military tasks. According to its manual, MPT must be
undertaken by all active military personnel, at least four times a week.'®

Real-life studies have revealed that the improvement of physical
fitness, also achieved through adequate muscle strength, contributes to
a significant increase in combat readiness among military personnel.!”
Modern warfare requires military personnel to carry out their work in very
diverse scenarios and sometimes under extreme conditions.'® Reports
of real-life military operations indicate that their success depends on
the physical fitness of their soldiers. Physically fitter military personnel
resist combat stress better."”

Thus, in order to better understand the implications of obesity on the
health and physical fitness of military personnel and to provide tools for
the BA to define strategies to combat overweight and obesity in the Land
Force, the aim of this study was to verify the relationship between visceral fat,
physical fitness and biochemical markers of members of the Brazilian Army.

MATERIALS AND METHODS

The study was made up of 41 male members of the BA with a mean
age of 38 + 2.2 years who were serving with the army in the city and
state of Rio de Janeiro. Only volunteers were selected. Exclusion criteria
ruled out the selection of military personnel who were taking medication
to control GLYC, HDL-C and TC, and those with any condition or injury
that would prevent them from being tested.

All the participants signed the Informed Consent Form, expressing
their agreement with the research procedures. The study was approved
by the Institutional Review Board of Hospital Naval Marcilio Dias, where
itis registered under number: 1.551.242, CAAE [Certificate of Application
for Ethical Review] n0.47835615.5.0000.5256.

The first stage involved taking blood samples from the military
personnel to conduct biochemical evaluations. The procedure was
performed in the morning, on the premises of the Army Commando and
Military Officer School, and transported in accordance with the legislation
in force to the biochemical laboratory of the Instituto de Pesquisa da
Capacitagdo Fisica do Exército [Army Physical Training Research Institute]
(IPCFEX). Subjects were instructed to perform the tests after fasting for
12 hours, advised not to undertake high-intensity physical activity and
not to drink alcohol on the day prior to the test. The three markers were
processed in the automatic biochemistry analyzer model BT 3000 Plus
(Wiener Lab®: Rosario - SF, Argentina). Serum GLYC and TG levels were
determined using the enzymatic tinder technique while serum HDL-C
levels were determined using the AA plus monophase method.

The procedures for anthropometric assessment and body com-
position were carried out the next day at the Health and Quality of
Life Section of IPCFEx. Height and body mass of the subjects were
measured using the techniques described by Fernandes Filho in 2003.'8
A metal stadiometer (Personal Caprice) with 1 mm precision (Sanny®;
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Sao Bernardo do Campo - SP) was used to determine height. Body
mass was measured using P150M digital scales, with 50 gram precision
(Lider®; Rosele, Aracatuba - SP). Once height and body mass data were
obtained, these were used to calculate the Body Mass Index (BMI) of the
subjects based on the ratio between body mass and height squared.

The anthropometric assessment of the military personnel was fol-
lowed by a body composition evaluation and visceral fat measurement
using the LUNAR IDXA Metabolic Health-2015 Dual Energy X-Ray Absorp-
tiometry (DXA) device manufactured by GE Healthcare®; United Kingdom.

On the third day, the subjects’ aerobic capacity and strength were
assessed by means of a 12-minute run test and pull-ups (fixed bar).
Subjects were already used to taking the tests as they are part of the
Physical Assessment Test,'® which all members of the BA must undertake
three times a year. The tests were conducted on the same day, with a
1-hour interval between sessions. The 12-minute run test was held on
an official athletics track at the Army School of Physical Education. The
distances covered by each subject were measured. For the pull-ups
subjects were instructed to grasp the bar with the palms of their hands
facing downward (pronation), leaving a space between them equivalent
to approximately their shoulder width. The exercise involved bending
the arms until the subject’s chin was past the bar, then straightening
the arms with elbows extended and lowering the trunk. The test was
conducted without a time limit.

The sample was characterized by descriptive statistics (mean +
standard deviation, maximum and minimum values). The Shapiro-Wilk
test confirmed the normality of the study variables. The Pearson corre-
lation test was applied next, with a p-value <0.05. Data processing and
statistical analysis were performed using version 10.0 of the Statistics
statistical software package.

RESULTS

The results obtained in this study are shown in Table 1.The mean BMI
of the sample was 29.1 + 3.53 kg/m?. It should be noted that 70% of the
subjects were overweight (BMI over 25 kg/m?) and 31% were considered
obese (BMI over 30 kg/m?). The values of the mean biochemical variables
were normal,?® yet 50% of the subjects had TG values above 100 mg/dl and
HDL-C values below 40 mg/dl, which constitute risk factors for their health.

Significant negative VF correlations were found with the result of the
two physical tests (Barr=-0.59; 12 minr=-0.61). The only biochemical
variable with significant positive correlation with VF was TG (r = 0.44).

DISCUSSION

The purpose of this study was to verify the relationship between
visceral fat, physical performance and biochemical markers of Brazilian
Army military personnel.

Table 1. Anthropometric and biochemical characteristics.

Variable Mean+ SD Min Max
Age (years) 38.9+£222 35 43
Height (cm) 177 £ 639 1649 190

Body mass (kg) 90.8 +11.24 713 1239

BMI (kg/m?) 29.1 £354 233 37.8

% of fat 292 + 336 182 404

Visceral fat (kg) 1313+ 068 163 3014

GLYC (mg/dl) 85.8 + 1445 58 136

TG (mg/dl) 102.6 £43.26 51 224
HDL-C (mg/dl) 423 +856 27 69

12-min test (m) 2669.7 + 23846 2250 3050
Pull-ups (number of repetitions) 38+39 0 10

BMI: body mass index; GLYC: fasting glucose; TG: serum triglyceride (TG) levels; HDL-C: serum high-density
lipoprotein levels.

Rev Bras Med Esporte - Vol. 26, N2 1 — Jan/Fev, 2020

The military personnelin question had a mean BMI value of 29.1 + 3.58
kg/m?and was therefore classified as obese or overweight."*The prevalence
of overweight military personnel was 70%. Similar results were obtained
by other researchers, who observed the prevalence of overweight in more
than 50% of the military personnel enrolled in their studies**?! These data
suggest that the prevalence of overweight in military personnel in this
age group is similar to that found in the Brazilian population?

In this study 31% of the military personnel had BMI values above 30
kg/m?,and are classified as obese. The literature recognizes that one of
the weak points of the BMI is that it considers body mass as a whole,
without considering body composition, which may lead to misinterpre-
tations of the nutritional status of individuals. However, in this study, 73%
of the sample had a fat percentage above 25%, and we can therefore
conclude that the high prevalence of overweight and obesity is mainly
due to excessive accumulation of adipose tissue.

A significant negative correlation was found between VF and the
result obtained in the 12-minute run test, showing that the greater the
amount of VF, the shorter the distance covered. Our results are consistent
with previous studies that also verified the significant negative correlation
between total body fat and aerobic capacity.'>'>?? Although these studies
use total body fat, the literature shows that this data is strongly related to
visceral fat.® Similar results were obtained in a study conducted in 20122
The researchers noted that VF is inversely related to performance in the
12-minute test, and that a decrease in VF entails a significant increase
in the distance covered during the test. Thus, it would appear that the
amount of VF exerts a negative influence on aerobic capacity.

The correlation between muscle strength, especially upper limb
strength, and body composition has been widely recognized in military
personnel 812242 The same correlation was also confirmed in the findings
of this study. Individuals with a greater amount of VF performed fewer
pull-ups. The pull-up test measures muscle strength and endurance;
however, it is not unanimously accepted as a valid measure of absolute
muscle strength or endurance.? During the test the individual is expected
to lift his own body weight, thus, the higher the BMI, the greater the
resistance. Based on this presumption, individuals with higher amounts
of fat free body mass may experience more difficulties than individuals
who weigh less. This does not appear to have influenced the results of
this study, since the high BMI of the sample can be attributed to the
high percentage of fat and the high amount of VF.

Itis worth emphasizing that the pull-up test is of vital importance to
the military. In combat situations military personnel must be able to ift
their own body weight in order to overcome obstacles.'®'Thus it would
appear that VF also exerts a negative influence on upper limb strength.

No correlations between VF, GLYC and HDL-C were observed in this
study, unlike the results reported in recent studies involving military
personnel.??8 The results of such research projects show associations
between VF, GLYC and HDL-C. This suggests a different behavior in terms
of VF volume and changes in GLYC and HDL-C in older military personnel.
Regular physical activity is known to exert a positive influence on the
variables in question, improving glucose tolerance and increasing serum
HDL-C. In this particular study, the level of physical activity undertaken by
the military personnel was not measured, but by law they are required
to perform MPT at least three times a week. MPT could possibly explain
the non-observance of correlations between VF, GLYC and HDL-C.

In contrast, a significant positive correlation was observed between TG
and VF. This correlation is consistent with the results reported in previous
studies.?®?° A recent study found a strong correlation between VF and TG,
although the same correlation was not found between VF and subcuta-
neous adipose tissue.** This discovery may indicate that VF is an important
variable for assessing metabolic risk behavior in military personnel.
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CONCLUSIONS

In conclusion, the considerable prevalence of overweight and obesity
in military personnel in the age group considered may have a direct
influence on their capacity to engage in military operations, as these
conditions are related to low levels of physical fitness and the risk of
developing chronic degenerative diseases. The significant negative

correlations between VF, aerobic capacity and muscle strength may
indicate that it is an important variable to be manipulated in order to
improve the physical fitness of Brazilian Army military personnel.
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